The Minimum Workable LHC: Plans and Requirements for Beam Commissioning in Years 1 and 2 by Bailey, R
THE MINIMUM WORKABLE LHC – PLANS AND REQUIREMENTS FOR 
BEAM COMMISSIONING IN YEARS 1 AND 2 
R.Bailey, CERN, Geneva, Switzerland 
 
INTRODUCTION 
Getting to nominal conditions in the LHC is not going 
to be easy. While the injectors have demonstrated that 
they can produce the required beams, the filling schemes 
are rather complex and will need careful commissioning. 
In the LHC ring, emittance conservation has to be 
mastered through injection, the energy ramp and the beta 
squeeze, and with such large numbers of bunches per 
beam a crossing angle is needed to minimise parasitic 
beam-beam interactions. Last but not least, a stored 
energy of 362MJ per beam is some two orders of 
magnitudes above that achieved at other machines, and 
will have to be approached with the utmost care. 
With these things in mind, the proposal for early proton 
running is to aim for a pilot physics run with a few tens of 
bunches per beam (Stage I), and the commissioning 
strategy has been developed with this in mind. Following 
this, attention will shift to many-bunch operation, first 
with 75ns spacing (Stage II) and later with 25ns spacing 
(Stage III), thereby allowing both the complexity of the 
machine operation and the destructive power of the high 
intensity beams to be introduced in a controlled, 
incremental manner. Bunch currents will be gradually 
increased throughout this. 
This approach means that in years 1 and 2 of machine 
operation, the demands on numerous accelerator systems 
may be somewhat reduced compared to nominal.  
In this session these considerations were examined for 
the electrical circuits driving the magnet and RF systems, 
for beam measurements and associated instrumentation, 
for feedback systems, for applications software needed to 
exploit these systems, and for vacuum and radiation 
protection systems. Session 2 concentrated on machine 
protection systems, while session 3 asked the providers of 
the accelerator systems to comment on their readiness. 
The three sessions should be regarded as a whole. 
ELECTRICAL CIRCUITS 
Clearly all the circuits for the dipole and quadrupole 
magnets in the arcs and the dispersion suppressors, and 
those for the separation dipoles and insertion quadrupoles, 
are needed from day 1. Experiment spectrometer magnets 
and associated compensation dipoles will be needed for 
the first physics run. With reduced beam intensities, it 
would be possible to operate without all the RF cavities, 
but for reasons of longitudinal acceptance it is 
recommended that all are made available from the start. 
The corrector circuits have all been assessed in terms of 
the functionality that they provide in the light of 
specifications on various beam parameters. The outcome 
is a definition of the corrector circuits needed on day 1, 
those needed a little later but still during Stage I, and 
those not needed until later stages. It turns out that the 
circuits not needed for Stage I are so few that it makes no 
sense to omit them from the hardware commissioning 
phase. The conclusion is therefore to get ALL circuits 
ready for day 1. 
BEAM MEASUREMENTS 
From an examination of the systematic and random 
field components in the LHC dipole magnets at injection 
and their change during snapback, the errors expected on 
important machine parameters can be estimated. 
Comparing the estimated errors to the tolerances on the 
various parameters, it is clear that the LHC cannot be 
commissioned without numerous beam based optics 
measurements and corrections. 
The measurements required, and the instruments 
needed to perform them, have been analysed through the 
different commissioning steps for Stage I. The extra 
measurements needed in Stages II and III have also been 
identified. 
While this approach establishes the techniques and 
instrumentation needed at the various stages of LHC 
commissioning, experience from other facilities shows 
that some redundancy could be very helpful to deal with 
unforeseen problems, particularly during the initial stages 
of operation. 
FEEDBACK SYSTEMS 
While measurement and control of numerous beam 
parameters will be an integral part of LHC operation from 
the start, manual control of certain key parameters may 
soon become a limitation in terms of precision and 
efficiency. Feedback systems are therefore considered for 
stabilisation of orbit, energy, tune, chromaticity and 
coupling. 
Assuming that the systematic magnetic field 
imperfections are sufficiently well corrected, the 
perturbations relevant for feedbacks are driven mainly by 
ground motion, eddy currents and snapback at the start of 
the ramp, and the beta squeeze. These dynamic 
perturbations have been estimated and compared to the 
requirements on their control during first commissioning, 
though Stage I and for nominal performance. This 
analysis shows that chromaticity is the most critical 
parameter to control, but automated control of other 
parameters may also be needed to a certain level. In any 
case, in order to provide chromaticity control early on, a 
reliable measurement of the tune is needed. Furthermore, 
it will be necessary to have the coupling under control, 
especially during the early part of the ramp. 
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The LHC orbit feedback is the most advanced, driven 
by collimation and machine protection requirements. The 
system has been optimised for robust and failure-tolerant 
operation, and many lessons can be learned from this. 
With a functioning orbit feedback available, an energy 
feedback system could be made available at an early 
stage. 
With these somewhat conflicting priorities in mind, the 
proposal for feedback systems is the following: Get the 
coupling under control early on, and then implement 
feedback systems for tune, chromaticity, orbit and energy. 
APPLICATIONS SOFTWARE 
The previous sections have implications for the 
applications software needed for management of settings, 
accessing equipment, making measurements and applying 
the necessary corrections. The high level software is 
being developed to provide a common functionality 
across all equipment and measurement classes, and as 
such is supported by a core system that has to be in place 
to control anything. That being said, it is possible to 
prioritise the order in which different systems have to be 
available, notably in the domain of measurement and 
correct systems. This has been done and should be taken 
into consideration in software development planning.  
VACUUM CONDITIONS 
The LHC vacuum system has been designed for 
operation at nominal or even ultimate intensities. 
However, the limited performance of the machine during 
early operation opens up the possibility to consider 
running with an unbaked vacuum system. The 
performance of such a system and the consequences of 
proton scattering by the increased residual gas have been 
investigated.  
From the point of view of many aspects of machine 
operation (vacuum pressure, beam lifetime, magnet 
quench levels and dissipated power in the cold mass) 
there would be no problem. However, increased radiation 
dose due to the scattering off residual gas is a limiting 
factor. There are also concerns from the experiments, 
which have based their rates on nominal vacuum 
pressures, and the RF regions. For collimator installation, 
there would be clear advantages of no bake out in the 
beam cleaning regions. 
In any case, full bake out of all regions would be made 
by 2008. 
RADIATION PROTECTION ISSUES 
As CERN enters the LHC era, the definition of 
radiation zones has been refined in terms of limits, 
constraints and reference values. These changes have 
consequences for the way in which access into these 
zones is managed. In particular, new procedures will be 
introduced for access into controlled areas, according to 
activation levels and the associated risk of exposure to 
personnel. 
Against this background, a preliminary estimate of the 
expected rates during the different stages of 
commissioning has been made. This indicates that during 
Stage I, the classification of the different areas of the 
LHC could be relaxed compared to nominal operation. It 
was also noted that the full functionality of the special 
installations to control air activation in point 7 would not 
be needed for Stage I. In all cases, the final situation will 
prevail for Stage II and beyond. 
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